ABSTRACT
INTRODUCTION
It is my intent in this paper to describe the separate phases of the project life cycle, to describe how simulation in its various forms can support these stages, and to give some brief conclusions as to the value of these simulation applications.
2.
THE PROJECT LIFE CYCLE HEI views automation projects in particular, and development projects in general, as a cycle of activities, a Project Life Cycle.
Simply put, an idea is conceived, it then moves to design, the design is fabricated, the fabrication is installed, the installed process is then operated (figure i). Simulation in its traditional stage is the engineering tool to assist the designer in finding problems early in the project life cycle.
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The design of an automated system is its plan consisting of blueprints, operational descriptions, and s p e c i f i c a t i o n s . Planning an automated system is a balancing act:
getting the best possible results for the least cost. The engineer must be aware of such design pitfalls as lack of flexibility, inefficiency, i n s u f f i c i e n t capacity, overdesign, an imbalanced system, and design errors.
The designer selects from several alternatives.
With a large number of ways to a c c o m p l i s h any function, the designer chooses the best approach for the specific a p p l i c a t i o n .
Choosing the best approach requires e v a l u a t i o n of each potential design, testing and weighing the merits and drawbacks of each. S i m u l a t i o n gives the system designer the ability to evaluate potential designs on a computer model to select the approach that works best for the specific application.
Using this computer model, the system designer can change operating conditions and get immediate visual feedback on the results of the change.
One
of the important elements of an a u t o m a t e d system design is the overall strategy to be used in operating the facility.
D e v e l o p i n g an o p e r a t i n g strategy is an i n t e r a c t i v e process.
A strategy is developed, implemented, then refined to improve its performance. The operating strategy is becoming i n c r e a s i n g l y important as the cost of hardware escalates.
I m p r o v i n g the operating strategy increases the e f f i c i e n c y of an a u t o m a t e d system without a d d i t i o n a l hardware cost.
A good s i m u l a t i o n model that is repr e s e n t a t i v e of the physical plant, running in real time, allows the designers to develop the most efficient operating strategy in their office, before the a u t o m a t e d system is even built (figure 3). $~n.~se#~.n P' S IratE.9,#" 
FABRICATION
The third phase of an a u t o m a t i o n project is fabrication, during which each subsystem is built and the software is written to control it. The computer which is running a variation of the original s i m u l a t i o n model is connected to the a u t o m a t e d system p r o g r a m m a b l e c o n t r o l l e r s or computers to test the software i m p l e m e n t a t i o n . The programmable controllers, or computers controlling the a u t o m a t e d system, use the e m u l a t i o n model as a r e p l a c e m e n t of the physical equipment so that the control logic for the entire facility can be tested.
This technique is called direct connect emulation.
Another article I read lately indicated that d e b u g g i n g of software can be as much as 40% on the entire software development schedule.
Our own e x p e r i e n c e using direct connect e m u l a t i o n to debug control software shows that for every day of debug time spent in the office using an emulator, three days in the field are saved.
The success of the i m p l e m e n t a t i o n of the system design in the control software can be o b s e r v e d on the direct connect emulation model. If the design is precisely implemented, the o p e r a t i o n of the a u t o m a t e d system model in emulation will be e x a c t l y the same as it was during design simulation. But few systems are i m p l e m e n t e d exactly as they' have been designed.
An e m u l a t i o n model allows c o r r e c t i o n of costly d e v i a t i o n s from plan before the actual a u t o m a t e d system is running.
I N S T A L L A T I O N E m u l a t i o n
i n c r e a s e s return on investment by reducing the i n s t a l l a t i o n time. Capital is not idle waiting for the control logic system to be debugged after i n s t a l l ation. The mistakes made testing the system control logic are made on the e m u l a t i o n model, so that no safety hazard is presented, or equipment damaged, during the control software i n s t a l l a t i o n process.
No changes in the control software are n e c e s s a r y to go from e m u l a t i o n testing to actual operation. The e m u l a t i o n model e l i m i n a t e s the need to send a p r o g r a m m e r into the field for months to install and debug the control system (figure 4). 
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In the installation phase of the project, the various components and subsystems are assembled and integrated into a total system. Installation is where the results of mistakes in other phases start to become apparent.
Changes made during conception, design, and fabrication are much easier and cheaper than changes made during installation.
After an automated system has been installed it is difficult and expensive to change.
Installation
is the most costly phase of the project. Until the installation, progress payments for design and fabrication are a small portion of the total expenditure.
But the subsystems and components of the system arrive at the facility accompanied by invoices for payment. Consequently, the installation phase has great and immediate effect on the financial statement.
The emulation model is used during installation to verify that the physical installation matches the design.
It is used as a verification monitor to compare the "as specified design" with the "as built system."
Diagnostic tolerances are set to zero and an error log enabled. Every activity that does not match the emulation model running in the verification monitor causes an error.
The error log shows each difference between the installed system and the emulation model. The installed system can be corrected, or the emulation model changed to reflect "as built" installation (figure 5). OPERATION The final phase of system automation is its operation. Operating the automated system provides the payback for all the long hours and money spent in design and construction.
The operation is the longest phase of the project.
The emulation model is used after the system has been installed as a diagnostic tool.
It becomes the maintenance monitor for the operating department.
The model has been continuously refined throughout the design, fabrication, and installation stages. After the automated system has been installed the emulation model is an accurate and detailed model of the automated system. As a maintenance monitor, the emulation model runs in parallel with the operation of the installed system.
The model activity is continuously compared with the activity of the operation. When a discrepancy between system operation and the model occurs, outside of specified tolerances, an error condition is generated. Changes to the automated system that must be made during operation can be implemented on the emulation model before they are put into the production system. Production is not halted when the system is upgraded.
The use of the direct connect emulation model closes the loop from conception through design, fabrication, installation to operation with no surprises (figure 6).
Managet~.n f" S }r'Bifi'9~" ;J~'|" i t instal I~_l ion hi,or In a monitoring environment, the real world behavior has been added to the two essential elements that existed previously. In this environment the cycle consists of two parallel sequences. This approach is fine for small or very simple operations but breaks down "where the interaction of the physical elements being influenced by the control devices is a factor. Implementing an entity based, time/speed/distance bounded model in a separate computer allows these interactions to be modeled. It is also then possible to base the behavior model on the engineering drawings of the process/system being built rather than on the control scheme for the process/system being built.
